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CHRONIC HEART FAILURE IS A

common disease that has a
poor prognosis and periods of
incapacitating symptoms ne-

cessitating recurrent hospital admis- sions.1,2 The most common modes of
death are sudden death or death from
worsening heart failure.3 The discov-
ery of the pathophysiological impor-
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Context Results from recent studies on the effects of b1-blockade in patients with
heart failure demonstrated a 34% reduction in total mortality. However, the effect of
b1-blockade on the frequency of hospitalizations, symptoms, and quality of life in pa-
tients with heart failure has not been fully explored.

Objective To examine the effects of the b1-blocker controlled-release/extended-
release metoprolol succinate (metoprolol CR/XL) on mortality, hospitalization, symp-
toms, and quality of life in patients with heart failure.

Design Randomized, double-blind controlled trial, preceded by a 2-week single-
blind placebo run-in period, conducted from February 14, 1997, to October 31, 1998,
with a mean follow-up of 1 year.

Setting Three hundred thirteen sites in 14 countries.

Participants Patients (n = 3991)with chronicheart failure,NewYorkHeartAssociation
(NYHA) functional class II to IV, and ejection fraction of 0.40 or less who were stabilized
with optimum standard therapy.

Interventions Patients were randomized to metoprolol CR/XL, 25 mg once per day
(NYHA class II), or 12.5 mg once per day (NYHA class III or IV), titrated for 6 to 8 weeks
up to a target dosage of 200 mg once per day (n = 1990); or matching placebo (n = 2001).

Main Outcome Measures Total mortality or any hospitalization (time to first event),
number of hospitalizations for worsening heart failure, and change in NYHA class, by
intervention group; quality of life was assessed in a substudy of 741 patients.

Results The incidence of all predefined end points was lower in the metoprolol CR/XL
group than in the placebo group, including total mortality or all-cause hospitalizations
(the prespecified second primary end point; 641 vs 767 events; risk reduction, 19%; 95%
confidence interval [CI], 10%-27%; P,.001); total mortality or hospitalizations due to
worsening heart failure (311 vs 439 events; risk reduction, 31%; 95% CI, 20%-40%;
P,.001), number of hospitalizations due to worsening heart failure (317 vs 451; P,.001);
and number of days in hospital due to worsening heart failure (3401 vs 5303 days; P,.001).
NYHA functional class, assessed by physicians, and McMaster Overall Treatment Evalu-
ation score, assessed by patients, both improved in the metoprolol CR/XL group com-
pared with the placebo group (P = .003 and P = .009, respectively).

Conclusions In this study of patients with symptomatic heart failure, metoprolol CR/XL
improved survival, reduced the need for hospitalizations due to worsening heart fail-
ure, improved NYHA functional class, and had beneficial effects on patient well-being.
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tance of neuroendocrine activation in
heart failure and the possibility of modi-
fying such mechanisms of the disease
process have greatly improved treat-
ment in clinical practice.4 Thus, angio-
tensin-converting enzyme (ACE)
inhibitors have been established as stan-
dard therapy for patients with chronic
heart failure due to left ventricular sys-
tolic dysfunction, with proven effects on
mortality and symptoms related to wors-
ening heart failure.4,5 Despite the ben-
efits of this mode of therapy, mortality
and morbidity remain high for patients
with heart failure.

Theroleof b-blocker treatment in the
managementof chronicheart failurehas
taken time to clarify. The results from
meta-analyses of previous smaller stud-
iesofvariousb-blockers inheart failure,
including thecarvedilol studies,have in-
dicated beneficial effects.6-8 Two studies
onthesurvivaleffectsofb1-blockadepub-
lished in1999, theCardiac Insufficiency
Bisoprolol Study (CIBIS) II9 and the
presentMetoprololCR/XLRandomized
Intervention Trial in Congestive Heart
Failure(MERIT-HF),10demonstratedthat
total mortality was reduced by 34%.

Although the survival benefit of b1-
blockade in chronic heart failure due
to systolic dysfunction has been estab-
lished, the need for hospital care, safety

aspects, symptom alleviation, and im-
proved quality of life are additional im-
portantaspectsof treatment, forboththe
patient and the clinician. However, the
impact of b-blockers on these outcomes
hasnotbeenfullyexplored.Accordingly,
theMERIT-HFwasdesignedtostudythe
effects of controlled-release/extended-
release metoprolol succinate (metopro-
lol CR/XL) on mortality, as previously
reported,10 as well as hospitalizations,
symptoms, and quality of life.

METHODS
Organization

The MERIT-HF was a randomized,
double-blind placebo-controlled trial
with a single-blind, 2-week placebo
run-in period. Randomization was per-
formed according to an optimal alloca-
tion procedure, which balanced the
metoprolol CR/XL and placebo groups
for investigational site, age, sex, race/
ethnicity, cause of heart failure, previ-
ous acute myocardial infarction (AMI),
and, within the previous AMI group,
time since last AMI, diabetes mellitus,
ejection fraction, and New York Heart
Association (NYHA) functional class. An
interactive voice recording system (Co-
vance, Princeton, NJ) was used to pro-
vide investigators with the computer-
generated study drug number based on
the optimal allocation procedure.

A total of 3991 patients with symp-
tomatic chronic heart failure and de-
creased ejection fraction who were sta-
bilized with standard treatment were
randomized (FIGURE 1) at 313 investi-
gational sites in the United States and 13
European countries (Belgium, Czech Re-
public, Denmark, Finland, Germany,
Hungary, Iceland, the Netherlands, Nor-
way, Poland, Sweden, Switzerland, and
the United Kingdom). The study was ap-
proved by the institutional review board
of each hospital and all patients pro-
vided written informed consent.

The Independent Endpoint Commit-
tee, whose 5 members were unaware of
treatmentstatus,classifiedalleventsfrom
copiesofmedical charts andotherdocu-
ments according to prespecified defini-
tions.AnIndependentSafetyCommittee
monitoredsafety issuesduringthestudy.

The stopping rule for efficacy was based
on the total number of expected deaths,
analyzedbasedontheintent-to-treatprin-
ciple. The study used an asymmetrical
group sequential procedure to monitor
total mortality. A Peto-type boundary11

wasusedformonitoringapositive trend.
This approach favors a large critical
Z-valueforall interimtestsbeforetheend
of the trial. The cumulative a level was
planned to be .0012, .0024, and .0036 at
the first, second,andthird interimanaly-
sestotakeplacewhen25%,50%,and75%,
respectively, of the total number of ex-
pected deaths had occurred. The cumu-
lative probability of early stopping for
harm was planned to be .005, .010, and
.015at thefirst, second,andthirdinterim
analyses, respectively.

Outcome Measures
Therewere2primaryoutcomemeasures:
totalmortalityandthecombinedendpoint
of totalmortalityorall-causehospitaliza-
tion(timeto firstevent).TheMERIT-HF
was stopped early, on October 31, 1998,
because the second preplanned interim
analysis showedasignificant34%reduc-
tion in total mortality in the metoprolol
CR/XL group.10 As previously reported,
145 patients died in the metoprolol CR/
XL group compared with 217 in the pla-
cebo group.10

The following combined end points
(timetofirstevent)werealsopredefined:
total mortality or hospitalization due to
worsening heart failure; death or heart
transplantation; cardiac death or non-
fatal AMI; and total mortality or hospi-
talization due to worsening heart fail-
ure or emergency department visit due
to worsening heart failure. Other end
points were number of hospitalizations
due to heart failure and other cardiovas-
cular causes, withdrawal of study drug
due to worsening heart failure, and
change in NYHA functional class. Effect
on quality of life was assessed in a sub-
study that was conducted in the United
States, United Kingdom, Sweden, Nor-
way, and the Netherlands.

Patients
Themajor inclusioncriteriawere symp-
tomaticheart failureforat least3months,

Figure 1. Patient Flow in the Randomized
Controlled Trial

4427 Recruited Patients

436 Not Randomized

2001 Assigned Placebo 1990 Assigned Metoprolol 
CR/XL

310 Withdrawals 279 Withdrawals

242 Not Receiving Study 
Treatment at End 
of Study

228 Not Receiving Study
Treatment at End 
of Study

1784 Alive at End of Study 1845 Alive at End of Study

0 Lost to Follow-up of 
Vital Status

217 Died

0 Lost to Follow-up of 
Vital Status

145 Died

3991 Randomized

CR/XL indicates controlled release/extended release.
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corresponding to NYHA class II to IV,
and a left ventricular ejection fraction
of 0.40 or less in men and women aged
40 to 80 years. For patients with an ejec-
tion fraction between 0.36 and 0.40, it
wasmandatory thata6-minutewalk test
result did not exceed 500 yd (450 m).
Resting heart rate had to be 68/min or
more. Patients had to be receiving
optimal treatment (defined as any com-
bination of diuretics and an ACE inhibi-
tor) for at least2weeksprior to random-
ization. If an ACE inhibitor was not tol-
erated, hydralazine, long-acting nitrate,
or an angiotensin II blocker could be
used. Digitalis also could be prescribed.
In addition, the inclusion criteria in-
cluded a stable clinical condition dur-
ing the 2-week placebo run-in phase be-
fore randomization (TABLE 1).

The main exclusion criteria included
AMI or unstable angina pectoris within
28 days before randomization, indica-
tion or contraindication for treatment
with b1-blockade, severe decompen-
sated heart failure (eg, pulmonary
edema, hypoperfusion), or supine sys-
tolic blood pressure of less than 100
mm Hg. A more detailed description of
the study protocol has been published
previously.12

Treatment and Measurements
At the randomization visit, patients
were allocated to treatment with meto-
prolol CR/XL or placebo administered
once daily. The starting dosage was one
25-mg tablet once per day (half of a
25-mg tablet was recommended for pa-
tients with NYHA functional class III
or IV). It was recommended to double
the dosage after each 2-week period to
reach the target dosage level of 200
mg/d of metoprolol CR/XL or placebo.
This regimen could be modified ac-
cording to the judgment of the inves-
tigator. If a patient did not tolerate in-
creased titration of study drug, temp-
orary reduction in dosage or increase
in diuretic dosage was advocated. Dur-
ing follow-up, patient visits were sched-
uled every third month.

At each visit, the investigators judged
and documented the patient’s NYHA
functional class. The Minnesota Living

with Heart Failure questionnaire was
completedbypatientsat randomization,
aftereach6-monthtreatmentperiod,and
atstudyclosure.13Thisquestionnairecon-
sists of 21 items; the total score ranges
from0to105,with lower scores indicat-
ing better quality of life. The McMaster
OverallTreatmentEvaluationquestion-
naire (OTE) was completed by the pa-
tients after each 6-month treatment pe-
riodandatstudyclosure.14Thisquestion-
naire has 3 items that assess the overall
effect according to whether a patient ex-
perienced any change in activity limita-
tion,symptoms,orfeelingssincethetreat-
ment started, using 7-point scales. Any
improvement or deterioration was sub-
sequently scored by the patient in terms
of magnitude and importance to the pa-
tient’s ability tocarryoutdaily activities.

Hospitalizations were defined as care
at an acute-care hospital lasting for 24
hours or more and had to be separated
from other hospitalizations by separate
dates for discharge and admission. Trans-
fer from one ward to a different type of
hospital ward was counted as 1 hospi-
talization. Hospitalization due to heart
failure was defined as documentation in
the medical charts indicating worsen-
ing heart failure as the reason for hospi-
talization. If competing reasons were
judged to be of equal importance, the
heart failure diagnosis took preference.
Emergency department visit was de-
fined as care in an urgent fashion with
urgent-care treatment such as intrave-
nous medication.

Statistical Analyses
The power calculation showed that the
mean follow-up time had to be 2.4 years
if1600patientswererandomizedtoeach
treatmentgroupover14months.Thiswas
basedonasignificancelevelofa = .04(2-
sided) for the first primary end point of
totalmortalityanda = .01for thesecond
primaryendpointoftotalmortalityorany
hospitalization (time to first event), a
powerofat least80%(b#.2),andthefol-
lowingassumptions:a9.4%meanannual
mortality in the placebo group, a mean
risk-reducingeffectofmetoprololCR/XL
of30%(withtreatment),andawithdrawal
rate fromstudydrugof20%the firstyear

and5%annuallythereafter.12 Becausepa-
tient recruitment proceeded faster than
planned,3991patientswererandomized
duringtherecruitmentperiod,therebyin-
creasing the power of the study.

Theanalysiswasbyintent totreat.The
main analyses used the log-rank test for
the comparison of the 2 randomized
groups and the Cox proportional haz-
ards model to calculate relative risk and
95% confidence intervals (CIs). Addi-
tional Cox proportional hazards regres-
sionanalysesof thecombinedendpoints
of total mortality or all-cause hospital-
izations (time to first event) and total
mortalityorhospitalizationsduetoheart
failure (time to first event) were per-
formed to explore any unfavorable out-
comeinprespecifiedriskgroups,defined
byentrycharacteristicsaspreviouslyde-
scribed.10,12 Forejectionfraction,systolic
and diastolic blood pressure, and heart
rate, patients in the lowest tertile were
compared with those in the middle and
upper tertiles. Regarding age, the upper
tertilewascomparedwiththemiddleand
lower tertiles. New York Heart Associa-
tionclass,etiologyofheart failure,smok-

Table 1. Baseline Characteristics of the
Randomization Groups*

Characteristics

Treatment Group

Metoprolol
CR/XL

(n = 1990)
Placebo

(n = 2001)

Age, mean, y 63.9 63.7
Sex, % female 23 22
White, % 94 94
Ischemic etiology of

heart failure, %
65 66

NYHA class, %
II 41 41
III 56 55
IV 3.4 3.8

Ejection fraction, mean 0.28 0.28
Previous myocardial

infarction, %
48 49

Time since last
myocardial infarction
,1 y, %

8 7

Hypertension, % 44 44
Diabetes mellitus, % 25 24
Medications, %

Diuretics 91 90
ACE inhibitor 89 90
A-II–blocker 7 6
ACE inhibitor or
A-II–blocker

95 96

Digitalis 63 64
Spironolactone 7 8

*CR/XL indicates controlled release/extended release;
NYHA, New York Heart Association; ACE, angiotensin-
converting enzyme; and A-II, angiotensin II.
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ing status, sex, previous AMI, diabetes
mellitus,andhypertensionwerealsopre-
specified as risk groups. Ischemic and
nonischemicheartdiseasehavebeende-
fined as the 2 major causes of heart fail-
ure. Hypertension was defined as phar-
macologically treated high blood pres-
sure, and diabetes mellitus was defined
as a clinical diagnosis made by the in-
vestigator. More than 180 events in any
such subgroup would yield a power of
at least 70% to detect a 30% increase in
risk.Dataoncomplementarysubgroups
having less than 180 events have also
been depicted.

The sample size calculation for the
quality of life substudy showed that with
419 patients in each group, it would be
possible to detect a difference of 3 units
on total Living with Heart Failure score
between the treatment groups based on
the following assumptions: SD for
change = 16, a = .05, and b = .20. A net
difference of 3 units was judged to be a
clinically meaningful change. The
changes in NYHA class and OTE score
were tested by means of a permutation
test using raw data scores. Changes in
Living with Heart Failure score were
analyzed using an analysis of covari-
ance model with adjustment for the
baseline Living with Heart Failure score.
A 2-sided P,.05 was regarded as statis-
tically significant.

RESULTS
Randomization began on February 14,
1997, and the last patient was random-
ized on April 14, 1998. The Interna-

tional Steering Committee stopped the
study on October 31, 1998, on recom-
mendation from the Independent Safety
Committee. The second preplanned in-
terim analysis (at the halfway point) had
shown that the predefined criterion for
termination of the study was met and ex-
ceeded. In total, 2004 patient-years were
accumulated in the metoprolol CR/XL
group and 1977 in the placebo group (to-
talmortality).Thecorrespondingpatient-
years for the combined end point of to-
tal mortality or all-cause hospitalization
were 1650 vs 1600 patient-years, and for

total mortality or hospitalization for
worsening heart failure were 1880 vs
1840 patient-years, respectively. The
mean follow-up time was 1 year.

The 2 groups were similar at entry
(Table 1). Furosemide daily dosage at
baseline and during follow-up was 66
mg/d and 70 mg/d in the metoprolol
CR/XL group and 65 mg/d and 73 mg/d
in the placebo group, respectively. The
ACE inhibitor daily dosage was also
similar at baseline and during fol-
low-up in both randomization groups.
For enalapril, it was 14 mg/d at base-
line and 15 mg/d at follow-up in both
groups; corresponding dosages at base-
line and follow-up, respectively, for cap-Figure 2. Cumulative Percentages (Time to

First Event) for the Combined End Point of
Total Mortality or All-Cause Hospitalization
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Cumulative (all-cause) withdrawal of study drug has
also been illustrated, including 310 patients in the pla-
cebo group and 279 in the controlled-release/extended-
release metoprolol (metoprolol CR/XL) group.

Figure 3. Cumulative Percentages (Time
to First Event) for Total Mortality or
Hospitalization for Worsening Heart Failure
and Cardiac Death or Nonfatal Acute
Myocardial Infarction (AMI)
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CR/XL indicates controlled release/extended release.

Table 2. Effect of Metoprolol CR/XL and Placebo on Combined End Points*

Combined End Points

Metoprolol
CR/XL Group,
No. of Patients

(n = 1990)

Placebo Group,
No. of Patients

(n = 2001) Total

Risk Reduction, %
(95% Confidence

Interval)

Total mortality or all-cause
hospitalization

641 767 1408 19 (10-27)

Total mortality or hospitalization
due to worsening heart failure

311 439 750 31 (20-40)

Death or heart transplantation 150 218 368 32 (16-45)

Cardiac death or nonfatal acute
myocardial infarction

139 225 364 39 (25-51)

Total mortality or hospitalization or
emergency department visit
due to worsening heart failure

318 455 773 32 (21-41)

*Only the first end point that occurred in each patient was counted. P,.001 for all comparisons. CR/XL indicates con-
trolled release/extended release.
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topril were 68 mg/d vs 70 mg/d in the
metoprolol CR/XL group and 60 mg/d
vs 64 mg/d in the placebo group, and for
lisinopril were 17 mg/d vs 17 mg/d in
the metoprolol CR/XL group and 16
mg/d vs 16 mg/d in the placebo group.

The patients who participated in the
quality of life substudy (n = 741) had
characteristics similar to those of the en-
tire group (mean age, 64.4 years; fe-
male sex, 28%; NYHA class II, 39%;
NYHA class III, 56%; NYHA class IV, 5%;
mean ejection fraction, 0.27; previous
AMI, 51%; and treatment with ACE in-
hibitor or angiotensin II blocker, 96%).

Combined End Points
MetoprololCR/XLsignificantly reduced
all combined end points (time to first
event)comparedwithplacebo(TABLE 2,
FIGURE 2, and FIGURE 3). Total mortal-

ityorall-causehospitalizations (thepre-
specifiedsecondprimaryendpoint)was
reducedby19%(Figure2), totalmortal-
ityorhospitalizationforworseningheart
failure by 31% (Figure 3), death or heart
transplantationby32%,cardiacdeathor
nonfatal AMI by 39% (Figure 3), and to-
tal mortality or hospitalization due to
worseningheart failureoremergencyde-
partmentvisitduetoworseningheartfail-
ureby32%.Nosignificant increase in to-
talmortalityorall-causehospitalizations
(time to first event) or in total mortality
orhospitalizationsduetoworseningheart
failure(timetofirstevent)wereobserved
in any of the predefined subgroups ana-
lyzed for safety reasons (FIGURE 4).

Hospitalizations
Comparedwithplacebo,metoprololCR/
XL reduced the number of patients with

any hospitalization, the total number of
hospitalizations, and the total number
of days in the hospital due to all causes
(FIGURE 5, TABLE 3 ). This was mainly
explained by a reduction in the number
of patients who were hospitalized for
worsening heart failure, accompanied
by decreases in the total number of hos-
pitalizations and total number of days
in thehospitaldue toheart failure(Table
3,Figure5).Toaccountfortheimproved
survivalwithmetoprololCR/XL,thepro-
portion of days spent alive outside the
hospital was also calculated as 95% in
the metoprolol CR/XL group and 93%
in the placebo group (P,.001).

Physician and Patient Assessment
of Treatment Effects
Physicians classified NYHA functional
class at baseline and at the last visit in

Figure 4. Absolute Numbers and Relative Risks (Time to First Event) for Total Mortality or All-Cause Hospitalization and for Total Mortality or
Hospitalization Due to Worsening Heart Failure in Predefined Subgroups According to Baseline Characteristics

No. of Events, No. of Events,

Metoprolol CR/XL/Placebo Metoprolol CR/XL/Placebo

NYHA Class II 202/254 79/122

NYHA Class III 406/480 209/291

NYHA Class IV 33/33 23/26

EF ≤0.25 (Mean 0.20) 268/358 146/231

EF >0.25 (Mean, 0.32) 373/409 165/208

Ischemic Etiology 458/534 217/304

Nonischemic Etiology 183/233 94/135

Nonsmoker 549/650 268/377

Smoker 92/117 43/62

Age ≥69.4 y (Mean, 74 y) 267/292 128/170

Age <69.4 y (Mean, 59 y) 374/475 183/269

Male Sex 504/603 247/355

Female Sex 137/164 64/84

Previous AMI 350/400 161/229

No Previous AMI 291/367 150/210

Diabetes Mellitus 206/231 107/143

No Diabetes Mellitus 435/536 204/296

Previous Hypertension 280/353 142/197

No Previous Hypertension 361/414 169/242

HR ≤76/min (Mean, 72/min) 250/281 114/150

HR >76/min (Mean, 88/min) 391/486 197/289

SBP ≤120 (Mean, 113) mm Hg 268/330 144/213

SBP >120 (Mean, 142) mm Hg 373/437 167/226

DBP ≤74 (Mean, 67) mm Hg 256/305 126/184

DBP >74 (Mean, 84) mm Hg 384/462 184/255

0 0.5 1.0 1.5

Relative Risk and 95% Confidence Interval

Total Mortality or All-Cause Hospitalization
(Time to First Event)

Favors Metoprolol 
CR/XL

Favors 
Placebo

0 0.5 1.0 1.5

Relative Risk and 95% Confidence Interval

Total Mortality or Hospitalization for Worsening
Heart Failure (Time to First Event)

Favors Metoprolol 
CR/XL

Favors 
Placebo

Filled squares indicate subgroups with a total of 180 events or more; open squares, subgroups with a total of less than 180 events (low power); CR/XL, controlled
release/extended release; NYHA, New York Heart Association; EF, ejection fraction; AMI, acute myocardial infarction; HR, heart rate; SBP, systolic blood pressure; and
DBP, diastolic blood pressure.
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the study. Improvement was recorded
in28.6%vs25.8%of themetoprololCR/
XL and placebo groups, respectively
(26.0%vs24.3%improved1class; 2.6%
vs 1.5% improved 2 classes); 65.4% vs
66.7% were unchanged; 6.0% vs 7.5%
deteriorated (5.7% vs 6.8% deteriorated

1 class, 0.3% vs 0.7% deteriorated 2
classes). These data show a more favor-
able change in NYHA class in the meto-
prolol CR/XL group compared with the
placebo group (P = .003).

There was a statistically significant
improvement in the OTE score in the
metoprololCR/XLgroupcomparedwith
placebo (P = .009; FIGURE 6). In the
metoprolol CR/XL group, 185 patients
(50%) reported improvement, and
patients’ evaluations of the importance
of this change were available for 184
patients, showingthat132patients(72%)
judged this improvement as important,
very important, or extremely important
to carry out daily activities. In the pla-
cebo group, 148 patients (40%) reported
improvement that was judged to be
important, very important, or extremely
important by 72% of these patients.

Living with Heart Failure forms com-
pleted at randomization and at the last
visit were available for 670 patients.
Scores were similar at randomization in
the 2 study groups. The total Living with
Heart Failure score, adjusted for the
score at baseline, decreased (im-
proved) by 0.7 in the metoprolol CR/XL
group (n = 331)and increased (dete-
riorated) by 0.2 in the placebo group
(n = 339) (mean difference, –0.9; 95%
CI, –3.4 to 1.6; P = .20).

Withdrawal of Study Drug
The most frequent adverse events ne-
cessitating withdrawal of study drug
were worsening heart failure, atrial fi-

brillation, and angina pectoris, and
these events were less frequent in the
metoprolol CR/XL group than in the
placebo group (TABLE 4). Dizziness,
bradycardia, and hypotension oc-
curred slightly more frequently in the
metoprolol CR/XL group.

Permanent withdrawal of study drug
due to any cause during the study is
shown in Figure 2 and occurred in 279
patients in the metoprolol CR/XL group
and 310 patients in the placebo group
(risk reduction for withdrawal de-
creased by 10% in the metoprolol CR/XL
group; 95% CI, −5% to 24%; P = .18).
Permanent withdrawal of study drug due
to any adverse event occurred in 196 pa-
tients in the metoprolol CR/XL group
and 234 patients in the placebo group
(risk reduction, 17%; 95% CI, −1% to
31%; P = .06). Worsening heart failure
was the main reason for withdrawal in
64 patients (3.2%) in the metoprolol
CR/XL group and 85 (4.2%) in the pla-
cebogroup(risk reduction,25%;95%CI,
−4% to 46%; P = .08).

COMMENT
This study demonstrated that meto-
prolol CR/XL, a b1-blocker given once
per day in addition to conventional
therapy to patients with chronic heart
failure, improved survival as previ-
ously reported,10 reduced the need for
hospital admissions due to worsening
heart failure, and improved symp-
toms and well-being.

In the MERIT-HF, there were no dif-
ferences between the study groups in un-
derlying pharmacological treatment for
heart failure at baseline or during follow-
up. All-cause mortality or hospitaliza-
tions (the prespecified second primary
end point, time to first event) was sig-
nificantly reduced by 19% in the meto-
prolol CR/XL group. Correspondingly,
total deaths or hospitalizations due to
worsening heart failure were reduced by
31%. The annual mortality in the pla-
cebo group was 11.2% and total mor-
tality was reduced by 34% in the meto-
prolol CR/XL group.10 Despite this
improved survival and more patients at
risk for hospital admissions, fewer pa-
tients were hospitalized due to any cause

Figure 5. Number of Patients Hospitalized
and Total Number of Days Spent in the
Hospital Due to Any Cause, Cardiovascular
Cause, or Worsening Heart Failure
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CR/XL indicates controlled release/extended release.
Relative differences between the groups are given in
percentages.

Table 3. Cause-Specific Data for Number of Patients Hospitalized at Least Once, Total
Number of Hospitalizations, and Total Number of Days Spent in the Hospital

Hospitalizations

Metoprolol
CR/XL

(n = 1990)
Placebo

(n = 2001)
P

Value

Due to all causes
Patients with any hospitalization (%) 581 (29.1) 668 (33.3) .004

Hospitalizations 1021 1149 .005

Days in hospital 10 172 12 262 .004

Due to cardiovascular causes
Patients with any hospitalization (%) 394 (19.8) 494 (24.7) ,.001

Hospitalizations 649 773 ,.001

Days in hospital 6584 8403 ,.001

Due to worsening heart failure
Patients with any hospitalization (%) 200 (10.0) 294 (14.7) ,.001

Hospitalizations 317 451 ,.001

Days in hospital 3401 5303 ,.001

*CR/XL indicates controlled release/extended release.

METOPROLOL CR/XL IN PATIENTS WITH HEART FAILURE

1300 JAMA, March 8, 2000—Vol 283, No. 10 ©2000 American Medical Association. All rights reserved.



in the metoprolol CR/XL group, mainly
due to a 35% reduction in the number
of patients hospitalized for worsening
heart failure. The total number of days
in the hospital due to heart failure was
reduced to a similar degree in the meto-
prolol CR/XL group, with no increase in
hospitalizations for other reasons. Con-
versely, the number of days alive with-
out need for hospital care was higher in
the metoprolol CR/XL group than in the
placebo group. Given the compar-
atively low cost of b-blocker therapy and
the high cost of hospitalizations, the 36%
reduction in days spent in the hospital
for worsening heart failure suggests a
positive effect on health care costs with
metoprolol CR/XL treatment in pa-
tients with chronic heart failure. It is
noteworthy that there was consider-
able comorbidity among these patients
because hospitalizations due to noncar-
diovascular causes accounted for 30% of
all days spent in the hospital and one
quarter of all days was due to cardio-
vascular causes other than worsening
heart failure (Table 3, placebo group).

Our results are consistent with data
from the CIBIS-II study, in which treat-
mentwith theb1-blockerbisoprolol also
reduced hospital admissions due to any
causeandduetoworseningheart failure.9

The smaller carvedilol studies also have
shown reductions in hospitalizations.7,8

The mechanisms involved in the ben-
eficial effects of b1-blockade in patients
with chronic heart failure are not com-
pletely known. However, it is well estab-
lished that in patients with chronic heart
failureduetosystolicdysfunctionofvari-
ous etiologies, metoprolol has favorable
effects on left ventricular geometry and
function,myocardialenergybalance,and
exercise capacity.15-17 In patients with
dilated cardiomyopathy, metoprolol has
been found to reduce heart transplan-
tations and to improve NYHA func-
tional class and quality of life.17,18 In line
with these previous observations, the
MERIT-HF results showed that symp-
toms of heart failure improved accord-
ing to judgments made by the respon-
sible physicians, as did quality of life
as assessed by patients on the OTE.
Improvement inqualityof lifewasofcon-

siderable importance for a large propor-
tion of patients. The observation that the
OTE but not the Living with Heart Fail-
ure questionnaire showed significant
improvement inqualityof lifemayreflect
the different constructions of these 2
instruments. The former is a global
assessment of treatment effects on
activity limitation, symptoms, and feel-
ings,whereas the latter is a21-itemques-
tionnaireusedatbaselineandduring fol-
low-up (see “Methods” section). Given
the decrease in hospitalizations and the
improvement in both NYHA class and in
OTE score, the sensitivity of the Living
withHeartFailurequestionnaire toassess
beneficial changes inqualityof lifemight
be questionable. A recent study showed
that retrospective measures, such as the
7-point scale used in the OTE, may be
moresensitive tochange thanserialmea-
sures and also correlate more strongly
with patient’s’ satisfaction with change.19

The previously published documenta-
tionof theeffectofb-blockadeontheLiv-
ing with Heart Failure score in patients
with heart failure relates mainly to non-
selective b-blockade with carvedilol
therapy, showing no statistically signifi-
cant effect.20-22

Metoprolol CR/XL was well toler-
ated. Withdrawal of study drug from
all causes was 10% lower10 and with-
drawal due to worsening heart failure

was 25% lower in the metoprolol CR/XL
group compared with the placebo
group. These findings are of interest, es-
pecially against the background that no
metoprolol CR/XL test dose had been
given prior to initiating double-blind
treatment. For the most frequent ad-
verse reactions leading to withdrawal
of study drug, including worsening
heart failure, atrial fibrillation, and an-
gina pectoris, withdrawal was more
common in the placebo group. Fewer
than 1 of 100 patients treated for 1 year

Figure 6. Overall Treatment Evaluation
Score as Judged by Patients at the End
of the Study
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Zero indicates no change; − 7, maximum deteriora-
tion; and 7, maximum improvement. A significant
(P = .009) improvement was observed in the meto-
prolol CR/XL group vs the placebo group.

Table 4. Cause-Specific Adverse Events Leading to Withdrawal of Study Drug According to
Absolute Value for Net Difference Between the Randomization Groups*

Adverse Events†
Metoprolol

CR/XL, No. (%)
Placebo,
No. (%)

Net Difference,
% per First Year

Heart failure 78 (3.9) 117 (5.8) −2.2

Atrial fibrillation 2 (0.1) 17 (0.8) −0.8

Angina pectoris 9 (0.5) 20 (1.0) −0.6

Bradycardia‡ 16 (0.8) 5 (0.2) 0.6

Hypotension‡ 12 (0.6) 5 (0.2) 0.4

Dizziness‡ 12 (0.6) 6 (0.3) 0.3

Fatigue 14 (0.7) 9 (0.4) 0.3

Dyspnea 15 (0.8) 12 (0.6) 0.2

Myocardial infarction§ 11 (0.6) 15 (0.7) −0.2

All patients with any adverse event 196 (9.8) 234 (11.7) −2.2

*CR/XL indicates controlled release/extended release. Adverse events that led to withdrawal of study drug are speci-
fied if the frequency of the cause-specific adverse event was greater than 0.5% in either group. The net difference
(metoprolol CR/XL − placebo) refers to the percentage of patients treated during the first year of treatment (1836 vs
1819 patient-years of follow-up until withdrawal of study medicine or death in the metoprolol CR/XL group and pla-
cebo group, respectively).

†Patients may have had more than 1 reason for withdrawal.
‡The cumulative net difference for bradycardia, dizziness, and hypotension in the metoprolol CR/XL group was 0.9%.
§The total number of patients who had a myocardial infarction during follow-up was 35 vs 41 in the metoprolol CR/XL

and placebo groups, respectively.
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withdrew from metoprolol CR/XL treat-
ment because of bradycardia, dizzi-
ness, or hypotension. There were no
specific safety concerns observed in any
of the preidentified risk groups.

In this study, controlled-release/
extended-release metoprolol succinate,
once per day, was used. This formula-
tionleadstoamorepronouncedandeven
b-blockadeover24hourscomparedwith
conventional immediate-release meto-
prolol tartrate tablets, 50 mg 3 times per
day.23 In patients with chronic heart fail-
ure, the dosing schedule can be simpli-
fied with metoprolol CR/XL and the tar-
get dosage also can be increased to 200
mg once per day compared with 50 mg
3timesperdaywiththeconventional for-
mulation, without increasing the peak
plasma concentration of the drug.24 The
titrationschedulestartedwithalowonce-
daily dosage, 25 mg/d for those in NYHA
class II and 12.5 mg/d for those in NYHA
class III or IV, with increased titration
every 2 weeks. The target dosage, 200
mg/d,wasreachedby64%of thepatients,
and 87% received 100 mg/d or more.10

The mean dosage was 159 mg/d.10 The
combined results from MERIT-HF and
CIBIS IIdemonstrate that it is safe to treat
patientswithheart failurewith b1-block-
ers by using a low starting dosage and
gradual increased titration.

Thisstudyhasseveral limitations.Sev-
eral categories of patients were not in-
cluded(eg,patientswithsevereheart fail-
ure who were confined to bed, patients
withheart failureandanejectionfraction
ofmorethan0.40,andpatientswithheart
failureearlyafterAMI).Thegroupofpa-
tients in NYHA functional class IV was
small, resulting inwide95%CIsoverlap-
ping those inNYHAfunctional classes II
and III.10 However, results from a recent
meta-analysis of several studies indicate
thattreatmentwithb-blockersconferssig-
nificant beneficial effects on the clinical
outcome in patients in NYHA class IV.25

In conclusion, the MERIT-HF study
demonstrates that treatmentwithmeto-
prolol CR/XL once daily added to stan-
dard therapy for patients with mild to
severe heart failure due to left ventricu-
lar systolic dysfunction improves sur-
vival, reduces the need for hospital ad-

missionsdue toworseningheart failure,
improvessymptomsofheart failure, and
increases well-being.
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